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NOMENCLATURE 
cm Centimetre 
FHR Flanders Hydraulic Research 
GSP Groningen Seaports 
kHz Kilohertz  
kn Knots (nautical speed) 
KSN Keep Sediments Navigable 
N.A.P. Normaal Amsterdams Peil  
(reference height) 
m Meter 
Pa.s Pascal second 
UKC Under Keel Clearance 
W&P Wiertsema & Partners 
UKC210kHz UKC with respect to 210kHz based on 
survey of 2
nd
 of May 2015 
UKC33kHz UKC with respect to 33kHz based on 
survey of 2
nd
 of May 2015 
1 INTRODUCTION 
The field test is part of the overall project ‘Sustainable 
Port Management’ for the port of Delfzijl. 
One of the primary goals of the project Sustainable Port 
Management is to investigate whether it is possible to 
optimize the tidal window of the port without a signifi-
cant increase of the maintenance dredging volumes. One 
of the realistic approaches to increase the tidal window of 
the port is to implement the Keep Sediments Navigable 
(short: KSN) method. This method has already been 
successfully applied in the port of Emden. 
According to PIANC [1] the nautical depth can be de-
fined as ‘the level where physical characteristics of the 
bottom reach a critical limit beyond which contact with a 
vessel’s keel causes either damage or unacceptable ef-
fects on controllability and manoeuvrability’. According-
ly, nautical depth can be defined as: the instantaneous 
and local vertical distance between the nautical bottom 
and the undisturbed free water surface. 
The project ‘Sustainable Port Management’ for the ports 
of Delfzijl and Harlingen is conducted in four separate 
phases. The first three phases were executed from 2010 
until 2013. In 2013 a full scale field test was executed 
consisting of a sailing trial with the vessel ‘CSL Rhine’ 
and dredging trials using the dredgers ‘Meerval’ and 
‘Airset'. The dredger “Meerval” is also used in the port of 
Emden to implement the KSN method [2]. 
Based on the feasibility study in the first phase of the 
project it was concluded that, based on the mud condi-
tions at that time, it was realistic to implement the KSN-
methodology for both ports. To further test the feasibility 
of the KSN-methodology computer simulations were 
carried out during the second phase of the project. For 
these simulations, the lay-out of the port of Delfzijl in-
cluding the mud and current conditions were implement-
ed into a ship manoeuvring simulator using the expertise 
and facilities of FHR in Antwerp and Ghent University 
(Maritime Technology Division). 
The influence of sailing at very low and even negative 
Under Keel Clearance (short: UKC) with respect to the 
mud layer on the inbound and outbound sailing to/from 
the port of Delfzijl were investigated in a full mission 
bridge simulator. During these tests the thickness of the 
mud layer and the mud density were varied systematical-
ly. In order to perform simulations as realistic as possible 
local pilots, experienced with the port of Delfzijl, did 
participate in the study. The investigations carried out 
during the second phase of the project confirmed that it 
was realistic to implement the KSN-methodology for the 
port of Delfzijl. 
The third phase of the project was a full scale field test. 
The test was executed in the port of Delfzijl. The first 
full scale field trial with the CSL Rhine was carried out 
successfully and provided sufficient reference data for 
further field trials. The data gathered was sufficient to 
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SUMMARY 
Wiertsema & Partners (Short: W&P) together with Flanders Hydraulics Research (short: FHR) investigated on behalf of 
Groningen Seaports (Short: GSP) the influence on the manoeuvrability of a vessel when sailing with a small and nega-
tive under keel clearance in the harbour of Delfzijl by performing a full scale field test. The full scale field test was per-
formed in May 2015 during spring tide corresponding to a negative under keel clearance up to -5% UKC at low tide. 
Several trials were performed during the full scale field test in the harbour entrance channel with different under keel 
clearances and changing from going inbound to outbound. The paper gives a summary of the full scale field test, used 
measuring techniques for qualifying the mud layer, an overview of interactions between involved parties and the results. 
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make recommendations for the next field trial to deter-
mine the nautical depth under present dredging practices. 
 
The results of the simulation studies and the field trial 
were presented to an international audience on the occa-
sion of the 33th PIANC Congress in San Francisco 
(USA) [3]. Referring to comprehensive model test stud-
ies performed at FHR [5], the major impact of the pres-
ence of fluid mud in situations with a relatively high 
UKC (10% - 20%) with respect to the mud-water inter-
face on the manoeuvrability and propulsion of the vessel 
is due to the hindered flow towards the propeller and 
rudder. An important phenomenon in this respect is the 
internal wave which is generated by a sailing vessel in 
the mud-water interface in case of sediments with weak 
rheology , which appears to affect the ship’s behaviour 
particularly in a speed range which corresponds to the  
speed applied in the entrance channel. Especially in case 
of rather thick mud layers, these phenomena appear to 
smoothen if the mud layer is penetrated by the ship’s 
keel, which gives reason to a significant potential reduc-
tion of the UKC with respect to the mud-water interface. 
 
Based on the results of the earlier simulation study and 
the field trial with the CSL Rhine it was thought accepta-
ble to start with the second full scale field test. 
 
The main aim of the field trials was verification of the 
simulator results by full scale field tests with an instru-
mented representative vessel with adjusted UKC condi-
tions in agreement with the captain and the pilot. The 
tests were performed in the port of Delfzijl.  
 
2 SECOND FULL SCALE FIELD TEST 
 
2.1 FIELD TEST DESCRIPTION 
 
The full scale field test was executed in the port of 
Delfzijl in the early morning from 05:38AM until 
09:19AM on the 20th of May 2015. The dredger ‘Geo-
potes 15’ from Van Oord Nederland b.v. was used for the 
trial runs.  
 
The second full scale field test consisted of four trial runs 
with the selected vessel. Each trial run was started at 
predefined tide levels in order to experience a wide range 
of UKC. These different departures are numbered, sub-
sequently T0, T1, T3 and T4. Departure T0 is the refer-
ence measurement with an UKCGross >10% with respect 
to top fluid mud (210kHz). This condition corresponds to 
the actual accessibility regulation of the port. Departure 
T1 was executed before the low tide, T3 was executed at 
low tide and T4 after low tide. 
 
During the departures, the vessel’s behaviour (use of 
propeller, rudder, thruster and tugs including correspond-
ing speeds and yaw velocities) was monitored and ana-
lysed in a similar manner as during the computer simula-
tion runs (FHR) from the second phase of the project and 
the first full scale field test. 
 
During the field trial an assisting tug from Wagenborg 
Shipping named the ‘Waterstroom’ was assisting the 
trials. The ‘Waterstroom’ has a maximum bollard pull of 
60 ton. If necessary the tug would be attached to the aft 
of the vessel to mitigate any risk of an uncontrollable 
vessel. 
 
Before the trials and after each run the in-situ density 
profiles of the fluid mud were measured at pre-defined 
locations with the support vessel ‘Havenschap 1’. Multi 
beam surveys were performed from this before and after 
the field trial as well. 
 
The planning for the field trial was based on the predict-
ed astronomical tides supplied by the Dutch governmen-
tal organization Rijkswaterstaat. 
 
2.2 TIME SCHEDULE 
 
The different timings for the trial runs of the second full 
scale field test are presented in Table 1. Run T2 was 
scheduled in the first planning but during the kick-off 
meeting on 2015-05-19 this run was cancelled due to 
expected lack of time after run T1. Run T3 was sched-
uled at low tide and could therefore not be shifted. 
 
Table 1. Time schedule trial runs 
Run  Time  Trial run locations 
T0 05:30AM – 06:15AM B05  B17 
T1 06:15AM – 07:00AM B08  B17 
T3 08:05AM – 08:30AM B08  B17 




The trial runs were executed in the area with a known 
amount of sediment (fluid and consolidated mud) which 
was from reference point B05 until B17 (Figure 2). This 
is a total length of approximately 3400 meters as can be 
seen in Figure 1. 
 
Due to the low tide it was not possible to execute the trial 
runs over the total length of the entrance channel during 
all runs, as the normal applicable safety precaution in the 
port of Delfzijl of 10% UKCGross was maintained towards 
the hard soil (33kHz survey). This led to a shorter run for 
trial run T1 and T3 of around 2200 meters. In Figure 1 
the track covered during the four trial runs is presented.  
 
     263
 
Figure 1. Location of the different trial runs  (Source: Google Earth and W&P) 
 
 
Figure 2. Location of the reference points on a longitudinal scale (source: FHR and W&P). The black line repre-
sents the 210 kHz reflection (top fluid mud), the green line in the bottom window represents the 33 kHz 




During the simulation study a container carrying vessel 
was used. 
 
For the second full scale field test it was preferred to 
monitor a vessel which has more or less equal dimen-
sions as the vessel used for the simulation study. Alt-
hough there is a difference between the vessels used in 
the simulation study and field test, the vessel used for the 
field test is representative for the port of Delfzijl. This is 
also confirmed by the pilot. All expected effects based on 
the simulation study were experienced during the field 
trial. 
The second full scale field trial was executed with the 
‘Geopotes 15’ from Van Oord Nederland. This vessel is 
a trailing suction hopper dredger and has the following 
main characteristics: 
• Length  132 meter 
• Width 23.6 meter 
• Draft 7.4 meter (filled with water) 
 9.40 meter (dredging mark) 
• Propellers 2 
 
During the trials the vessel was partially loaded with 
sand in the hopper, to ensure no water would flow out of 
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